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SECTION I. INTRODUCTION 
Engelhard's ob jec t i ve  under the present cont ract  i s  t o  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  the  nat ional  f u e l  conservation program 
by developing a comnerci a1 l y  v i  able and c o s t - e f f e c t i v e  phosphoric 
ac id  f u e l  c e l l  powered on-s i te  in tegrated energy system (OS/IES). 
The f u e l  c e l l  o f f e r s  energy e f f i c i e n c i e s  i n  the  neighborhood o f  
40% o f  t h e  lower heat ing value o f  ava i l ab le  f u e l s  i n  the  f o r m  o f  
e l e c t r i c a l  energy. By u t i l i z i n g  the thermal energy generated f o r  
heating, v e n t i l a t i n g ,  and a i r - cond i t i on ing  (HVAC), a f u e l  c e l l  
O S / I E S  could provide t o t a l  energy e f f i c i e n c i e s  i n  the  neighborhood 
o f  80%. 
o b j e c t i v e  o f  t he  present program, o f f e r s  t h e  important i ncen t i ve  
o f  rep lac ing  imported o i l  w i t h  domestical ly produced fue l .  
Also, t h e  Engelhard f u e l  c e l l  OS/IES, which i s  the 
Engelhard has successfu l ly  completed t h e  f i r s t  two phases o f  
t h i s  program. The culminat ion o f  t he  pre-comnercial izat ion 
program w i l l  be the  i n t e g r a t i o n  o f  t h e  f u e l  c e l l  system i n t o  a 
t o t a l  energy system f o r  mu l t i - f am i l y  r e s i d e n t i a l  and conmercial 
bu i ld ings.  The mandate o f  the current Phase I11 e f f o r t  i s  t o  
develop a f u l l - s c a l e  25kW breadboard power p l a n t  module. An 
accomplished ob jec t i ve  i n  Phase I11 was t h e  i n t e g r a t i o n  and 
t e s t i n g  o f  t h e  5kW system whose components were developed dur ing 
Phase 11. 
sub-scale system, scale-up a c t i v i t i e s  have been c a r r i e d  out under 
Phase 111. Throughout t h i s  program, cont inu ing technology 
development a c t i v i t y  w i l l  be maintained t o  assure t h a t  t he  
performance, r e l i a b i l i t y ,  and cost ob jec t i ves  are attained. 
I n  add i t i on  t o  t he  development and t e s t i n g  o f  t h i s  
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TASK I - 5kW POWER SYSTEM DEVELOPMENT 
The ob jec t i ve  o f  t h i s  task was t o  complete i n t e g r a t i o n  o f  
t h e  5kW components and sub-systems developed du r ing  Phase 11. 
Steady-load t e s t i n g  o f  the 5kW in teg ra ted  system, w i t h  
r e g u l a r  shutdowns, was completed dur ing August 1983. Subse- 
quently, load- fo l lowing t e s t i n g  was c a r r i e d  out  successful ly, as 
t h e  system was operated i n  the  fu l ly -automat ic  mode. 
August-October 1983 Ouar ter ly  Report .) 
(See the  
TASK I 1  - ON-SITE SYSTEM APPLICATION ANALYSIS 
The purpose o f  t h i s  task was t o  develop an app l i ca t i on  
model f o r  on -s i t e  i n teg ra ted  energy systems. The model considers 
f u e l  a v a i l a b i l i t y ,  costs, b u i l d i n g  types and sizes, power 
d i s t r i b u t i o n  requirements ( e l e c t r i c a l  and thermal), waste heat 
u t i l i z a t i o n  po ten t i a l ,  types o f  ownership o f  t he  OS/IES, and g r i d  
connection vs. stand-alone operation. The work o f  t h i s  task was 
c a r r i e d  out under subcontract by Arthur D. L i t t l e ,  Inc. (ADL), and 
t h i s  work has been completed. The main conclusions are sumnarized 
i n  t h e  May-July 1983 Q u a r t e r l y  Report. 
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TASK I11 - ON-SITE SYSTEM DEVELOPMENT 
This  task forms the  core of t he  Phase I11 cont rac t  
e f f o r t .  Work under t h i s  task w i l l  r e s u l t  i n  the  breadboard 
design o f  a system f o r  an on-s i te  appl icat ion.  The power p l a n t  
i s  being designed f o r  a ra ted  output o f  25kW ( e l e c t r i c a l ) .  Th is  
task i s  broken down i n t o  f o u r  sub-tasks as fo l lows:  
111-1. Large Stack Development 
111-2. Large Fuel Processor Development 
111-3. Overa l l  System Analysis 
111-4. Overa l l  System Design and Development 
The a c t i v i t i e s  under t h i s  contract  are focusing on 
Sub-Task 111-1. 
out  under p r i v a t e  sponsorship. 
E f f o r t  on the  other sub-tasks i s  being c a r r i e d  
SUB-TASK 1. LARGE STACK DEVELOPMENT 
A. LONG-TERM TEST STACKS 
A key a c t i v i t y  i n  the  current  program 
i s  long-term r e l i a b i l i t y  t e s t i n g  o f  stacks incorpora t ing  
s ta te -o f - the-ar t  components and concepts. This  e f f o r t  w i l l  serve 
t o  v e r i f y  t h e i r  e f fect iveness and d u r a b i l i t y ;  a l t e rna t i ve l y ,  i f  
problem areas ( o r  p o t e n t i a l  problem areas) are exposed over the  
course o f  t h i s  program, modi f icat ions w i l l  be implemented as 
appropr i  a te  t o  a t t a i n  long-term durabi 1 i ty. 
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ENGELH'RD 
SECTION I1 - CONTINUED 
T h i s  phase has consisted of the con- 
s t ruct ion,  tes t ing and evaluation of 4kW, 13 inch x 23 inch stacks. 
The f i r s t  two stacks were essentially the same, each incorporating 
bo th  the E-3 type and E-7 type of developmental cathode catalysts .  
Much of the tes t ing ut i l ized synthetic reformate fuel (75% He, 
24% C 0 2 ,  1% CO, moisturized t o  about 15% H20). These 25-cell 
stacks were shut down af te r  operating for about 7000 and 8400 
hours on load, respectively. 
Stack No. 3 will contain 24 c e l l s  of 
Several new technology assessments the 13 inch x 23 inch size. 
will ensue from the tes t ing of this stack. These include: 
( i )  a l ternat ive bipolar plate  B-element (separator) materials 
(pol yetheretherketone and PFA Teflon) i n  comparison w i t h  
polyethersulfone; ( i i )  new cathode catalyst  types, including those 
on more corrosion-resistant supports; ( i i i )  an al ternat ive 
acid-transport layer configuration; and ( i v )  use of a 
single-component liquid coolant ( tr iethylene glycol) i n  place of 
mineral o i l .  
this stack will be six instead of f ive.  
Also, the number of ce l l s  between cooling plates  i n  
After a delay caused by a required 
upgrading of the ventilation system fo r  the hot-press, 
f i  lm-bonding operations for  the bipolar plates were resumed d u r i n g  
September and completed early i n  October. Downstream processing 
o f  the bipolar plates was also completed during October. 
components and hardware were ready f o r  stack assembly by the end 
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B. 25kW STACK 
The 25kW stack components are based 
p r imar i  l y  on those t h a t  were successfu l ly  employed i n  the  f i r s t  
two 4kW (25-ce l l )  stacks (above). Where appropr iate i n  l i g h t  o f  
experimental r e s u l t s  obtained on the smal ler  stacks, design 
mod i f i ca t ions  were implemented for t h e  25kW stack. These involved 
ac id  co l lec t ion /dra inage means t o  avoid corros ion a t  t he  bottom o f  
t he  gas manifolds and a 0.0015 inch t h i c k  gold f o i l  layer  a t  t he  
bottom cu r ren t - co l l ec t i ng  p l a t e  in ter face,  a lso t o  avoid corros ion 
as w e l l  as the  bui ldup o f  i n t e r f a c i a l  IR-loss. 
The c e l l s  (175 o f  them, 13 inches x 23 
inches) were stacked dur ing May using coo l ing  p la tes  a t  t he  
f i v e - c e l l  i n t e r v a l .  A f te r  assembly o f  t he  stack hardware a l i g h t  
compressive load was applied. This was fol lowed by completion o f  
plumbing fo r  t he  fue l ,  a i r ,  and coolant l i n e s  t o  and from the  
s tack . 
Completion o f  t he  ac id-addi t ion and 
compressive loading sequences was delayed i n t o  June by a ser ies  o f  
unplanned stack heat ing system shutdowns (see below). When these 
tasks  were accomplished, t he  reactant gas manifolds were f u l l y  
t ightened. 
hot-standby mode dur ing June (about 120'C; no load); however, 
i n t e r r u p t i o n s  i n  system operat ion caused many temperature cyc les 
( t o  and from room-temperature) over the  course o f  t he  month. 
For the  most p a r t  t he  stack was sustained i n  t h e  
The stack was s ta r ted  on load i n  e a r l y  
The load was brought up gradually, as the  c e l l s  appeared t o  July.  
-5- 
ENGE&U'RD 
SECTION I1 - CONTINUED 
be breaking i n  very slowly. Acid was added (and taken u p )  i n  
piecemeal fashion as the s tack 's  load and temperature were 
increased. 
A u g u s t .  
w i t h  the temperature reaching 177.C. 
t es t ing  using bo th  hydrogen and reformate fue l ,  however, suggest 
t h a t  ce l l  damage occurred due t o  freeze-thaw cycles that  were 
experienced prior t o  stack start-up. 
Performance slowly improved d u r i n g  July and into 
Load was taken t o  13kW a t  a stack voltage of about 97V 
The resu l t s  of diagnostic 
C. 25kW SUPPORT SYSTEMS 
Additional f l e x i b i l i t y  was b u i l t  in to  
the 25kW system during August. Electrical heating tapes were 
instal led on the coolant l ines t o  enhance the stack heat-up ra te .  
Also,, a bank of hydrogen cylinders was instal led for  fuel use 
d u r i n g  d i  agnostic tes t ing act ivi t ies .  
Operation of the methanol reformer 
showed a loss of methanol conversion efficiency d u r i n g  the ear ly  
p a r t  of September. This was t h o u g h t  t o  have resulted from an 
inadvertent over-temperature condition tha t  occurred d u r i n g  a start-up 
operation. The reformer catalyst  was changed out d u r i n g  the l a t t e r  
part  of September, and the catalyst was reduced in-situ. 
Reformer operation was resumed at  the 
s t a r t  of October. 
of r a p i d  deactivation. The methanol i n  the fuel storage tanks was 
analyzed and found t o  contain almost 1000 ppm of chlorinated hydro- 
carbons. The source of t h i s  contamination is  be ing  investigated. 
However, the current catalyst  charge showed signs 
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The microprocessor computer hardware 
was a lso  reworked dur ing  September i n  order t o  improve c o n t r o l  
system r e l i a b i l i t y .  Th is  a c t i v i t y  included replacement o f  some 
components, reso lder ing  o f  various e l e c t r i c a l  contacts, and 
app l i ca t i on  of p r o t e c t i v e  r e s i n  coat ing t o  c e r t a i n  c i r c u i t  boards. 
TASK I V  - STACK TECHNOLOGY 
The purpose o f  t h i s  task,  which w i l l  cont inue throughout 
the  contract ,  i s  t o  i nves t i ga te  new mater ia ls  and component con- 
cepts through bench-test ing and stack t r i a l s .  The c r i t e r i a  f o r  
se lec t i ng  a c t i v i t i e s  under t h i s  task are the  prospects f o r  
improved performance, reduced costs, or  improved r e l i a b i l i t y .  
Improvements i n  t h e  performance o f  e lec t roca ta lys ts ,  generated 
under Engelhard-sponsored Task V I ,  are repor ted under Task IV. 
A. PERFORMANCE OPTIMIZATION 
ALTERNATIVE ACID-TRANSPORT LAYERS 
Addi t ional  evaluat ion o f  a l t e r n a t i v e  
ac id- t ranspor t  layers  has been conducted i n  s ing le -ce l l s .  Th is  e f f o r t  
i s  d i rec ted  toward reducing c e l l  IR-loss as w e l l  as rep lac ing  the  
current ly-used Kureha carbon f i b e r  paper, which i s  no longer ava i lab le  
i n  i t s  present form. Fur ther  evaluation, however, i s  being ca r r i ed  out  
i n  stacks. This  w i l l  f a c i l i t a t e  meaningful assessment o f  a l t e r n a t i v e  
conf igura t ions  by prov id ing  r e a l i s t i c  condi t ions o f  compressive loading 
and ac id replenishment as w e l l  as by a l lowing l a rge  areas o f  mater ia l  t o  
be tes ted  a t  t h e  same time. 
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A f i v e - c e l l ,  10.7 inch x 14 inch stack was 
constructed dur ing October with an a l t e r n a t i v e  ac id- t ranspor t  
l a y e r  con f igu ra t i on  (see Appendix). 
have been obtained thus far. Despite the  f a c t  t h a t  one c e l l  i s  
running w e l l  below par (reasons not y e t  apparent), t he  average 
c e l l  vol tage i s  0.64V a t  161mA/cm2 and 191'C, H2-air. The 
stack open-c i rcu i t  voltage i s  qu i te  h igh a t  4.53V. The average 
c e l l  IR-loss i s  about 4OmV a t  161 mA/cm2. 
General ly encouraging r e s u l t s  
This acid-transport layer  con f igu ra t i on  w i l l  be 
t e s t e d  f u r t h e r  i n  one s i x - c e l l  sub-stack o f  t he  upcoming 4kW Stack 
No. 3. 
The p a r a l l e l  a c t i v i t y  i n v o l v i n g  the  simple 
s u b s t i t u t i o n  o f  a l t e r n a t i v e  carbon f i b e r  ma te r ia l s  f o r  t h e  Kureha 
paper (no longer ava i l ab le  i n  i t s  present form) t h a t  c u r r e n t l y  
serves as t h e  acid-transport  layer has y ie lded  r e s u l t s  through 
s i n g l e - c e l l  t e s t i i g .  The IR-losses o f  two c e l l s  i n  which selected 
carbon f i b e r  mater ia ls  are being used (see May-July 1985 Q u a r t e r l y  
Rep.ort) are about l O m V  higher than t h a t  o f  a t y p i c a l  standard c e l l  
a t  normal operat ing condi t ions (i .e., about 55-6OmV versus 45-5OmV 
a t  161 mA/cm2). Also, open-circui t  voltages are s i g n i f i c a n t l y  
lower than average. 
thus f a r  w i l l  not  be s u i t a b l e  subst i tu tes f o r  t he  Kureha mater ia l .  
It appears that  t he  two mate r ia l s  selected 
B. COST REDUCTION 
NON-METALLIC COOLING PLATES 
Design and experimental work have been conducted 
wi th  l a r g e r  diameter coo l i ng  tubes than the  ones used on present . 
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ENCELHeRD 
SECTION I1 - CONTINUED 
stacks (3/8-inch i.d. vs. 1/4-inch i.d.) i n  order t o  cu t  back on 
t h e  number o f  end-connections. This would e l im ina te  two out o f  
f o u r  end-connections per coo l ing  plate. 
r e l i a b i i t y  t e s t s  on the  tubes and end-connections a t  200'C were 
success fu l l y  c a r r i e d  out t o  70 ps i .  The design and f a b r i c a t i o n  o f  
sample grooves t h a t  can accommodate the  l a rge r  tub ing  were a lso  
accomplished. 
Performance and 
Estimates o f  t he  product ion cost o f  corrugat ing 
t h e  bends o f  t h e  Tef lon coo l ing  tubes are being prepared w i th  t h e  
he lp  o f  a vendor. 
CURRENT COLLECTORS 
Corrosion t e s t i n g  o f  Engelhard-fabricated 
gold-clad base metal wire, t he  basis f o r  a less expensive 
cu r ren t - co l l ec t i ng  p la te,  continues t o  show no s ign o f  phosphoric 
ac id  penet ra t ion  through the  gold c ladding a f t e r  th ree  months o f  
imnersion a t  200'C. 
A simulated one-ft2 cu r ren t - co l l ec t i ng  p l a t e  
o f  t h i s  type using al l -copper 0.125-inch diameter w i re  (see 
F igure  1 )  was assembled and tested dur ing September. The vol tage 
drop was measured t o  be an acceptable 38mV a t  an equiva lent  
cur ren t  dens i ty  o f  150A/ft2. Furthermore, the vol tage drop 
would be s i g n i f i c a n t l y  lower w i t h  t h e  8% (by weight) go ld 
cladding, as per design. 
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C. RELIABILITY 
CARBON SUPPORTS 
The assessment o f  more co r ros i  on-resi s t  ant  
cathode carbon support ma te r ia l s  has s h i f t e d  t o  Gu l f  Acetylene 
Black (GAB), which i s  intended as a replacement for  t h e  obsolete 
Shawinigan Black. A cathode using E-3 c a t a l y s t  on GAB i s  being 
tes ted  i n  a s ing le -ce l l .  Th is  c e l l  showed a peak performance o f  
0.711V IR- f ree  (161mA/cm2, 191'C, Hz-a i r )  a f te r  about 600 
hours, b u t  i t  i s  ev ident  t h a t  optimum e lec t rode s t r u c t u r e  has no t  
y e t  been achieved w i t h  t h i s  cata lyst .  
0.684V (same cond i t ions)  a f t e r  about 2000 hours. 
Current performance i s  
LIFE-TESTING I N  SINGLE-CELLS 
A f i x t u r e  i n  which t h e  aluminum i s  replaced b y  
Type 316 s t a i n l e s s  s tee l  has hegun use i n  s i n g l e - c e l l  tes t ing ;  
t h i s  i s  expected t o  a l low more meaningful long-term t e s t s  t o  be 
conducted wi thout  t h e  complicating e f f e c t s  o f  f i x t u r e  corrosion. 
BIPOLAR PLATES 
A comparison o f  long-term d u r a b i l i t y  among 
po lye thersu l fone (PES), polyetheretherketone (PEEK), and PFA 
Te f lon  b i p o l a r  p l a t e  6-elements w i l l  be obtained through t h e  
t e s t i n g  o f  4kW Stack No. 3 (see above), which contains a l l  th ree  
-10- 
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types. 
ma te r ia l s  were ca r r i ed  out as shown i n  F igure  2. 
cor ros ion  currents  a t  0.9V (versus RHE) were q u i t e  s imi lar ,  t h e  
Tafe l  s lope f o r  PFA was f a r  lower than those f o r  PES and PEEK, as 
shown i n  Table I. Therefore, t h e  corros ion r a t e  f o r  PFA a t  
t y p i c a l  f u e l  c e l l  cathode po ten t i a l  (about 0.7V vs. RHE) would be 
subst a n t i  a1 l y  1 ower. 
Corrosion t e s t s  f o r  t h e  three candidate B-element 
While t h e  
Previous e l e c t r i c a l  t e s t i n g  o f  b ipo la r  p la tes  
requ i red  tha t ,  t o  ob ta in  r e l i a b l e  data on the  d i s t r i b u t i o n  o f  
through-plane e l e c t r i c a l  resistance (1 .e., across the  B-element o f  
an ABA p la te ) ,  i t  be d iv ided l n to  small segments f o r  i nd i v idua l  
t e s t i n g  o f  l o c a l  areas. Test ing of p la tes  w i t h  m e t a l l i c  contacts 
cover ing t h e i r  e n t i r e  surfaces does no t  c o r r e c t l y  s imulate t h e  
cur ren t  d i s t r i b u t i o n  i n  a stack; stack current  dens i t ies  are much 
more uni form than those generated by equ ipo ten t ia l  contacts. 
A more meaningful t e s t  has been devised which 
fo rces  e s s e n t i a l l y  equal amounts o f  cur ren t  through each 2 i nch  
x 2 i nch  reg ion  o f  any unsegmented p la te,  using the  c i r c u i t  and 
the  phys ica l  arrangement shown i n  Figures 3 and 4, respect ive ly .  
Voltage probes d i r e c t l y  contact  the two surfaces across any reg ion  
o f  t h e  p la te,  y i e l d i n g  the  desired data on l o c a l  va r ia t i ons  i n  
B-element resistance. 
unused p la tes  and t o  analyze used p la tes  from dismantled stacks; 
t he  t e s t e r  can a lso serve i n  production q u a l i t y  cont ro l .  
c a r r i e d  out  thus f a r  i nd i ca te  t h a t  care must be taken t o  prov ide a 
un i form f i lm-bonding temperature. The hot-press has now been 
equipped w i t h  thermal i n s u l a t i o n  and add i t iona l  heat ing elements 
t o  insure  such uni formity.  
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DRY FIVE-CELL STACK 
A d r y  f i v e - c e l l  stack (10.7 inches x 14 inches) 
was b u i l t  t o  t e s t  t h e  f e a s i b i l i t y  o f  a c i d - f i l l i n g  a f t e r  assembly. 
A f t e r  t h i s  stack was preheated t o  215*F, 105% H3POq was added 
t o  each i n d i v i d u a l  c e l l  through the ac id- reservo i r  wicks and 
Kureha paper (ac id- t ranspor t  layer)  shelves. The r a t e  o f  ac id  
uptake by  t h e  stack i s  i l l u s t r a t e d  i n  F igure 5. Th is  i nd i ca tes  
t h a t  t h e  t o t a l  ac id  uptake essen t ia l l y  reached t h e  l e v e l  t h a t  
would have been charged dur ing stack assembly i n  a standard 
construct ion.  Load was introduced when the  ac id  uptake reached 
approximately 80% o f  t h i s  leve l .  
The stack was run f o r  about 500 hours on load. 
Over t h e  f i r s t  350 hours t h e  stack was run  w i t h  hydrogen fue l ,  
and the  average c e l l  vo l tage was approximately 0.64V (161mA/cm2, 
191*C), q u i t e  s i m i l a r  t o  what i s  t y p i c a l  f o r  standard stack 
cons t ruc t ion  (as i s  t he  average open-circui t  vol tage o f  0.86V per  
c e l l ) .  
reformate f u e l  (1% CO, 24% C02, 75% H2) a t  a hydrogen 
u t i l i z a t i o n  r a t e  o f  80%. The average H2-gain was 28mV; t h i s  i s  
a few m i l l i v o l t s  h igher  than typ ica l ,  and i t  i s  a t t r i b u t e d  t o  
several  hours o f  hot, no-load exposure as the  r e s u l t  o f  a house 
power f a i l u r e .  These r e s u l t s  are encouraging, suggesting t h a t  f a r  
greater  f l e x i b i l i t y  i s  f eas ib le  i n  t h e  assembly and t ranspor t  o f  
fue l  c e l l  stacks. 
The remainder o f  t he  t e s t  was c a r r i e d  ou t  w i t h  s imulated 
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SECTION I 1  - CONTINUED 
TASK V - FUEL PROCESSING SUPPORT 
The i n t e n t  o f  t h i s  task was t o  p rov ide  background data 
and in fo rma t ion  t o  support t h e  design and cons t ruc t i on  o f  an 
opt imized 50kW f u e l  processor under Task 111. Most o f  t h e  e f f o r t  
o f  t h i s  task  was devoted t o  screening and l o n g e v i t y  t e s t i n g  o f  
c a t a l y s t s  f o r  steam-reforming o f  methanol. Th is  task i s  now 
r Clr mp 1 et e = 
TASK V I  - IMPROVED ELECTROCATALYSTS 
main 
c a t  a 
t ime  
(see 
Developmental e lec t roca ta l ys t  fo rmula t ions  are being 
prepared under Engelhard sponsorship. These are prov ided t o  t h e  
program, and r e s u l t s  are reported under Task I V .  
Development i s  being pursued on both cathode and anode 
y s t s  and supports; however, the major a c t i v i t y  a t  t h e  present 
i s  d i r e c t e d  toward improved cathode s t a b i l i t y  and a c t i v i t y  
Task I V ) .  
-13- 
ENcSELII~ffD 
SECTION I11 - CURRENT PROBLEMS 
e Source o f  methanol feed contamination i n  
25kW system t o  be i d e n t i f i e d  and el iminated. 
SECTION I V  - WORK PLANNED 
TASK SI1 - ON-SITE SYSTEM DEVELOPMENT 
e F ind  and e l im ina te  source o f  contamination 
i n  feed f o r  methanol reformer. 
e I n i t i a t e  t e s t i n g  of  4kW Stack No. 3. 
TASK I V  - STACK TECHNOLOGY 
I 
0 Continue evaluat ion o f  a l t e r n a t i v e  acid-transport  





Tafe l  Slopes f o r  B i p o l a r  P l a t e  B-Element M a t e r i a l s  a f t e r  1000-Min Test  
Test  Condit ions: 0.9V versus RHE 
400'F (204'C) 
105% H3P04( N2) 








FIGURE 1 GOLD-CLAD WIRE CURRENT COLLECTOR CONCEPT 
CORROSION CONDITIONS: 
400'F (204.C) 
105% H3PO4 ( N p )  
0.9V vs. RHE 
T IME ( M I N . )  
FIGURE 2 CORROSION CURRENT OF 6-ELEMENTS 
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